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ABSTRACT
Oued Seybouse is one of the most important rivers in Algeria. It runs for about 240 km, flows
through sevenwilayas (Guelma, Annaba, Souk Ahras, El Tarf, Oum El Bouaghi, Constantine
and Skikda) and 68 municipalities, 30 of which are fully included in its basin, and only
partially for the others. OuedSeybouse’s water is exposed to multiple sources of pollution, as
it directly receives industrial and urban discharges throughout its course. Also agriculture,
which is intensively practiced in the lower valley of Seybouse, contributes to the pollution of
this watercourse. In this context, we set out to assess the physical-chemical quality of a part
of the Lower Seybouse, at three stations on a 28 km stretch; El Hadjar station in the wilaya of
Annaba and those of Drean and Chihani in the wilaya of El Tarf. For this purpose, the
parameters measured and analyzed are: potential of Hydrogen (pH), Temperature (T),
Electrical Conductivity (EC), Suspended Matters (SM), Dissolved Oxygen (DO), Ammonium
(NH₄⁺), Nitrates (NO3-), Nitrites (NO2-) and Orthophosphates (PO43-). The processing of
analytical results showed that the three stations received urban or agricultural discharges
which increased the concentrations of ammonium, nitrite and orthophosphate ions in the
already highly mineralized water of OuedSeybouse. High concentrations of these ions can
affect animal, plant and human life.
Keywords: Physical-chemical parameters, spatio-temporal variation, lower Seybouse river,
Northeastern Algeria
the western part of the city of Guelma and
INTRODUCTION
results from the confluence of Oued Cherf
and Oued Bouhamdane. From there, it
In Algeria, like the Mediterranean
heads north for 240 km, mainly crossing
region, the watersheds are supplied by
the wilayas of Guelma, Souk Ahras,
both surface water and renewable and
Annaba and El Tarf. 30 municipalities are
sometimes non-renewable groundwater.
fully included in its basin and 38 others
These water resources are often dependent
only partially. It traverses the low plain of
on climatic conditions and also on their
Annaba, which is often inundated during
exposure to polluting sources (Chaoui et
floods,
before
flowing
into
the
al., 2013).
Mediterranean Sea via the Sidi Salem
In northeastern Algeria, Oued
estuary (Figure 1). It has a highly variable
Seybouse is one of the country’s most
flow, ranging from almost zero in summer
important watercourses. It is a highly
to extreme flooding in autumn and winter,
coveted source of water for irrigation,
typical of the Mediterranean river regime
industry and human food. It is a river that
(Ziouch et al., 2020). The hydrographic
originates in Medjez Amar municipality at
network of its Watershed has a pluvial
hydrological regime, strongly dominated
8
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by precipitation over the whole year with a
hydrological network of more than 3000
km (Bounab, 2017). The Oued Seybouse
watershed of approximately 6471 km2 is
the largest, after that of the Medjerda, in
the eastern part of North Africa (Ghachi,
1986). It is divided into three sub-basins
(Upper Seybouse, Middle Seybouse and
Lower Seybouse (Arif and Doumani,
2013).
According to several authors
(Chaoui et al., 2013; Belhamra and Hani,
2016; Belabed et al., 2017; Charchar et al.,
2018, Ziouch et al., 2020), Oued Seybouse
whose water is mainly used to supply large
irrigated areas and to meet the growing
population needs in drinking water, is
exposed to multiple sources of pollution,
since it directly receives the raw industrial
and urban discharges from the regions it
crosses. It is also exposed to the influence
of agriculture that is intensely practiced in
its lower valley.
In this context, we set out to assess
the physical-chemical quality of a part of
the Lower Seybouse river at three stations.
The objective is to see if this physicochemical quality could vary from one
station to another despite the short distance
that separates them.
The parameters measured and
analyzed are: potential of Hydrogen (pH),
Temperature (T), Electrical Conductivity
(EC), Suspended Matters (SM), Dissolved
Oxygen (DO), Ammonium (NH₄⁺), Nitrate
ion (NO3-), Nitrite ion (NO2-) and Orthophosphate ions (PO43−).
MATERIAL AND METHODS
Presentation of the Area and Stations of
the Study
The area covered by this study is
located at the Lower Seybouse in the
wilaya of Annaba and partly in the wilaya
of El Tarf (Figure 1).
This area is characterized by a
mesomediterranean climate and is located,
according to Emberger's climagram

(1963), in the mild sub-humid bioclimatic
stage of vegetation and characterized by
two periods; a mild, wet period from
October to May, and a hot dry summer
(June-July-August). Dry period, according
to the diagram ombrothermic of Bagnouls
and Gaussen (1957) extends over four
months (June-October), it is marked by
strong evaporation caused by the increase
in temperature. The mean temperature is
11 °C in winter and 25 °C in summer
although it can reach 40 °C in summer
(Rouabhia et al., 2012). It receives on
average between 600 and 700 mm of rain
per year.
The geology of this zone mainly
comprises of recent alluvial deposits made
up of silt, sand, gravel and travertine
(Marre 1992). The topography is flat, the
soil is permeable, the flows of the rivers
are very variable. Industrial activities (El
Hadjar steel complex, Seybouse phosphate
complex, Allelik metallurgical complex,
the industrial zone between El Hadjar and
El Bouni municipalities) constitute the
potential sources of pollution in the valley
of OuedSeybouse (Djabri et al., 2003).
Concomitantly, the numerous agricultural
activities in this area make it a large
consumer of water on the one hand, and a
major user of fertilizers and pesticides on
the other. In addition, industrial
development has brought about a massive
exodus from rural areas, and a rapid
increase in population which have led to
massive discharges of wastewater directly
into the river.
Three stations were chosen in this
area on a stretch of about 28 km (Figure 1)
on the basis of the availability of road
bridges to facilitate the collection of water
samples at these stations. Station 1
(36°47'56.25"N, 7°46'27.46"E) is located
in El Hadjar municipality, Wilaya of
Annaba, upstream from the confluence of
Oued Maboudja with Oued Seybouse and
10 km away from the estuary. According
to the general population and housing
census of 2008, El Hadjar city has 37364
inhabitants for an occupied area of 62 km2.
9
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Station 2 (36°40'59.61"N, 7°45'30.58"E),
is located about 22 km from S1 in the
municipality of Drean which has 37686
inhabitants. It is about 5 km away from
station 3 (36°39'9.12"N, 7°46'57.54"E"),
which is located in the municipality of
Chihani, which has a population of 10094.
S2 and S3 belong to the El Tarf wilaya.
Each of these three stations receives
industrial, domestic and agricultural
effluents
from
the
neighboring
municipalities.
The water samples were taken
manually from the middle of the river by
standing at a previously specified point of
the road bridge, corresponding to the
midpoint located equidistant from the
banks of the river. The water collected by
means of a seal is accumulated in
polyethylene terephthalate bottles of 1.5
liters, carefully rinsed with the same water
and filled to overflow, sealed to avoid any
probable contamination, labeled and
finally placed in a cooler. The bottles were

then transported to the laboratory where
the physical chemical analyses are carried
out. The samples were taken on the same
day for the three stations between 7 and 10
a.m. so that the conditions were as similar
as possible and also to carry out analyzes
very quickly on the same day. This
precaution makes it possible to avoid any
variations in the quality of the water
sampled which could affect the results.
The study was performed from
January to December 2019, with a monthly
sampling frequency of water from the
river, for a total of 36 water samples taken.
Analysis Methods
The pH, temperature, electrical
conductivity and dissolved oxygen were
measured in situ using a multi-parameter
equipment (Hanna instrument, 9828). The
Suspended Matters (SM) was determined
by filtration of water via a glass fiber filter
according to Rodier et al. (1996).

(A)

(B)
Figure 1: Geographical localization of the area and sampling stations under study. Source: (A) Reggam et
al., (2017) modified, (B) own elaboration

The
determination
of
orthophosphate ions and nitrogen ions was
carried
out
by
spectrophotometry
(spectrophotometer photo lab WTW 82362
Weilheim 6600 UV-VIS) at different

wavelengths according to the methods of
Rodier et al. (1996). Namely the
ammonium ion (NH4+) by the Nessler’s
reagent method, the nitrate ion (NO3-) by
the sodium salicylate method and the
10
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nitrite ion (NO2-) by the Zambelli’s reagent
method.

RESULTS AND DISCUSSION
i.

Statistical Study

The pH measures the concentration of
H+ protons in water. It provides
information about the acidity or alkalinity
of the water. Figure 2 shows that the pH of
the water in the Lower Seybouse changes
in the same way for the three stations
throughout the year. The water is slightly
acidic during the fall and becomes neutral
to slightly basic the rest of the year.
However, although the three stations are
very close, they have significant
differences between them.

The results were expressed as mean
± standard errors (SE). Data were tested
for normality and homogeneity of variance
using Bartlett’s and Brown-Forsythe tests.
The variation of each parameter among
months and between seasons was assessed
by Kruskal-Wallis test and pairwise
multiple comparison using Dunn’s
method.
All
statistical
analysis
wereperformed using GraphPad.Prism.v7
for windows (GraphPad software, La Jolla
California, U.S.A., www.Graphpad.com).
The significant difference was defined at
P ˂ 0.05.
10
pH
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Figure 2: pH monthly variation of OuedSeybouse during the year 2019.
(S1: El Hadjar, S2: Drean, S3: Chihani)

The multiple comparison test between
stations shows a significant difference
between stations 1 and 3 during autumn
(Kruskal-Wallis, P value ˂ 0.05). Their pH
values vary between a minimum of 4.95 in
December at station 3 and a maximum of
8.68 recorded in May at station 1. The
average values are of neutral pH in winter,
which become basic pH in summer and
acid pH throughout autumn.
It should be noted that there are
significant differences (P ˂ 0.05) for this

parameter between S1 and S2 during the
months of March, May, July and
September and between S1 and S3 during
the months of January, June, October,
November and December. The same is
true between S2 and S3 during the month
of August (P ˂ 0.05).
The pH values below the standard
of 6.5 for natural waters (WHO, 2012;
NWRA, 2010) observed in the three
stations from September to December
could be attributed to the presence of
11
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humic acid associated with the biological
decomposition of waste (Akintola, 2014 in
Akintola, 2021) or simply reflect abundant
acid discharges during this time of year.
ii.

Temperature

As Chapman (1996) point out,
water temperature is an important factor in
the aquatic environment as it governs
almost all physical, chemical and
biological reactions. Figure 3 shows that
the water temperature of Oued Seybouse
changes in the same way across the three
stations. It rises from late spring to early
autumn, oscillating between 18.4 °C in
May and 31.4 °C in August in station 2
and drops between 10 and 14 °C the rest of
the year. This shows that the temperature
of water is closely related to that of air and
that our findings corroborate the results of
Saal et al.(2020). Charchar et al. (2018)
recorded a similar change in water
temperature at the Middle Seybouse during
2018 with however lower values,
especially in summer. In addition, the
multiple comparisons test indicates a
significant difference (P ˂ 0,05) especially
between stations 1 and 2 and 1 and 3
throughout the year. This could be related
to the environment of the river (S1’s
proximity to the estuary, vegetation along
the banks for S2 and S3 which would
decrease the values of the temperature as
suggested by Grégoire and Trencia (2007).
However, most of these values,
except those of July and August which
would favor the development of
undesirable aquatic organisms (Chapman,
and Kimstach, 1996), remain within
algerian standards, since they are within a
range of temperature that is favorable to
microbial activity (< 25 °C) and
consequently promote the functional
balance of this aquatic ecosystem.
iii.

Electrical Conductivity

Electrical conductivity is the ability
of water to conduct electric current. It
provides information on the degree of

mineralization of water. It is proportional
to the quantity of dissolved salts. This
parameter measured in µS/cm (Figure 4)
does not show significant seasonal
differences between the three stations (P ˃
0,05). However, it varies from one station
to another in particular between S1 and S3
(P ˂ 0.05) when the data is analyzed
monthly. Thus the average values are
already high during the months of
February, March and April with a
minimum of 678 µS/cm in station 1. They
increase to more than double during the
months of May, June, July and August
reaching a maximum of 1732 µS/cm in
station 2 in July which allows us to say
that the water at the three stations is highly
mineralized during the hottest months.
Akintola (2021) suggests that an EC
greater than 200 µS/cm would indicate the
presence of cations, anions and heavy
metals in the water.
This high mineralization, in
agreement with the results of Ramdani and
Laifa (2017) could be due to the discharge
of domestic wastewater generally with
high concentrations of dissolved salts,
coming
from
the
neighboring
municipalities. It could also be due to the
lack of precipitation, especially in summer,
which generates a low water flow speed,
which results in a prolonged contact time
between the water and the marine clays,
favoring the dissolution of salts making
the water highly mineralized.
It should be noted that during the
month of January, this parameter changes
rapidly in the three stations and exceeds
the values recorded during autumn and
summer. This sudden increase in the EC in
January could be explained by a massive
discharge of domestic wastewater or
industrial wastewater discharged upstream
of station 3. Victor and Onomivbori (1996)
showed the significant influence of the
variable anthropogenic activities carried
out at the edge of watercourses on the EC.
The low values recorded in
February, March and April could be
explained by the phenomenon of dilution
12
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that the waters of the river are subjected to
during this period of the year which is
characterized by multiple floods and
40

T° C

therefore responsible for the decrease in
EC.

S1
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S3

35
30
25
20
15
10
5
0
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Figure 3: Temperature monthly variation of OuedSeybouse during the year 2019. (S1: El Hadjar, S2:
Drean, S3: Chihani)

Moreover, it has been established that
high temperatures also affect electrical
conductivity by acting on the mobility of
salts (El Morhit, 2009). The high
temperatures recorded from May to
October are responsible for an intense
evaporation of the water which would
generate a concentration of mineral salts in
the water and an increase in alkalinity and
consequently an accentuated rise in the
values of conductivity during this period.
iv Dissolved Oxygen
DO in surface waters come mainly
from
the
atmosphere
and
the
photosynthetic activity of algae and
aquatic plants. It provides information on
the balance between oxygen consumption
and production, generally determined
bythe state of eutrophication of an
environment (De Villers et al., 2005).
Its measurement, expressed as a
percentage of saturation in the waters of
the Seybouseriver (Figure 5), shows
notable spatial and temporal variations.
The values vary from a minimum of 10.33
% recorded during the month of January in
station 2 to a maximum of 74.53 % in the

month of October in station 3. There seems
to be a certain decreasing gradient from
upstream to downstream. Indeed, station 3
seems the most endowed with DO with
percentages ranging from 31.9 % to 74.5
% compared to station 1 where the values
oscillate between a minimum of 11.5 %
and a maximum of 65 %. These rates
recorded in station 1 are significantly
lower than those in station 3 (P ˂ 0.05)
during most of the year.
According to Aminot and Kérouel
(2004), beyond 72 % DO, the effect on
aquaticfauna is negligible but between 30
and 72 %, avoidance reactions are
perceived by the fauna. In contrast, a
higher mortality would result when the
values fall below 29 %, such as station 2 in
January and August and station 1 in April
and August which represents a threat to
Oued Seybouse’s biodiversity. Indeed, the
DO concentration contributes to the
majority of chemical and biological
processes in the aquatic environment. DO
is one of the most important water quality
parameters as it is essential for aquatic life
and the degradation of biodegradable
pollutants allowing the self-purification of
watercourses.
13
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Figure 4: Electrical conductivity monthly variation of the OuedSeybouse during the year 2019.
S1:El Hadjar , S2: Drean, S3: Chihani

It is therefore an important
indicator of water pollution (Saal et al.,
2020).
The spatial fluctuations in the DO
concentration in Seybouse water could be
explained by the fact that the S1, located
further
downstream,
receives
the
discharges of raw domestic wastewater of
the two largest municipalities of the wilaya
of Annaba, namely the municipalities of El
Hadjar and El Bouni, whose population
greatly exceeds 162500 inhabitants. These
discharges contain very large amounts of
biodegradable organic material, which
when discharged into the river, it is
oxidized by aerobic bacteria which
consume dissolved oxygen from the river’s
water. In this same context, Derwich et al.
(2008) attributed the low levels of DO in
the river of Fes in Morocco to water
pollution from urban discharges from the
city of Fes.
According to Merghem et al.
(2016), the richer the polluting discharges
are in organic matter, the more DO in the
receiving environment decreases abruptly
and can sometimes lead to total anaerobic
conditions. On the other hand, by going to
the upstream stations (S2 and S3), the

quantity of DO in the river improves while
remaining in relatively low proportions
due to the persistent presence of organic
matter in the water. This significant
improvement in the DO concentration of
the water is an indicator of the good
progress of the biological process of selfpurification in the water of the river which
contributes both to the biodegradation of
the organic matter provided by the
polluting discharges and the oxygenation
of Oued Seybouse waters.
It should also be noted that
fluctuations in temperature, photosynthetic
activity and water flow could affect this
parameter. This can be explained by the
increased flow as well as exposure to air
currents and the stirring movement of the
water contributing to the enrichment of
surface water with dissolved oxygen (Ben
Moussa et al., 2012).
The high DO levels at stations 2
and 3 could also be linked to the riparian
vegetation, which is much more abundant
than that at station 1. This same
observation was mentioned by Kadri et al.
(2012) on the upper course of Oued Za in
Morocco.

14
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Figure 5: Dissolved oxygen monthly variation of the OuedSeybouseduring the year 2019.
S1: El Hadjar, S2: Drean, S3: Chihani

v

Suspended Matters

SM are all mineral and/or organic
particles in natural or polluted water. In
unpolluted surface water, SM comes from
the watershed under the effect of natural
erosion, organic detritus (plant debris, etc.)
and plankton.
Expressed in g/l, and shown in
figure 6, the SM content generally varies
slightly between the stations but changes
considerably across the seasons. Indeed,
the analyse of data grouped by season does
not indicate any significant seasonal
difference between the three stations
during the same season (P ˃ 0,05).
However, if we compare the results
monthly, significant differences (P ˂ 0,05)
are noted between S1 and S2 in February,
March and April; between S1 and S3 in
January, June, July, October and
November, and between S2 and S3 in
December. SM contents show values
between a minimum of 0.272 g/l in June in
station 1 and a maximum of 1.646 g/l in
station 3 in January. Thus, during the year
2019, we can distinguish two contrasting
periods concerning the variation of SM in
Oued Seybouse: a period of low water

corresponding to the dry season (from May
to October) when the water is lightly
loaded in SM with average concentrations
below 0.184 g/l, and a flood period (from
November to April) when the water is
loaded with SM in concentrations
exceeding 1.6 g/l. These results are in
perfect agreement with those of several
authors (Belhamra and Hani, 2016;
Elahcene and Remini, 2009) according to
whom the increase in SM can be correlated
with the intensity of precipitation which
causes the erosion of Oued Seybouse’s
watershed resulting in the enrichment of its
waters in SM. As Benstaali and Benayada
(2017) suggest, sediment transport in
hydrosystems is a complex and
discontinuous process with high spatiotemporal variability. It is largely linked to
the intensity of precipitation, which can
ensure a very strong and irregular
mobilization of suspended matters.
According to these same authors, most of
the SM is exported during the floods at the
end of summer - beginning of autumn,
which corroborates our results where the
values of SM increase sharply from the
start of autumn and continue until early
spring.

15
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Figure 6: Suspended matters monthly variation of the OuedSeybouse during the year 2019.
S1: El Hadjar, S2: Drean, S3: Chihani

vi Ammonium Ion
Ammoniacal
nitrogen
(NH4+)
essentially results from the aerobic
degradation of organic nitrogen (proteins,
amino acids, urea, etc.) which, in urban
areas, largely comes from untreated or
insufficiently
treated
discharged
wastewater (De Villers et al., 2005). It can
also originate from organic plant matter in
rivers, organic animal or human matter as
well as industrial waste (fertilizers,
textiles, etc.)
The evolution of NH4+ in Oued
Seybouse’s water (Figure 7) shows that
there is very little variation between
stations 1 and 2 throughout the year. A
downward trend is perceptible from
August until the end of the year in station
3.
The analysis of data grouped by
season, shows very highly significant
differences (P ˂ 0.0005) between S1 and
S3 and significant differences (P ˂ 0.05)
between S2 and S3 during the autumn
phase. However, the concentration of this
ion fluctuates between a minimum of 3.51

mg/l in May in station 3 to a maximum of
6.78 mg/l recorded in station 2 in June.
Station 1 has a concentration greater than
3.6 mg/l throughout the year.
According to HBA (2009), the water
from Oued Seybouse can be qualified as
bad in the three stations since its
ammonium contents exceed the generally
accepted threshold of 2 mg/l for natural
waters. Chaoui et al. (2013) and Belhamra
and Hani (2016) also found similar NH4+
values in
Seybouse waters which
corroborate our results and which reflect a
fairly oxidized environment. NH4+ by itself
is not harmful but can convert under
certain conditions into ammonia (NH3), a
water-soluble gas that is toxic to aquatic
life.
vii Nitrite Ion
The nitrite ion (NO2-) is considered
dangerous due to its toxicity to animals
and humans. It may originate from
domestic and industrial discharges from
neighboring towns or municipalities.

16
© 2022 by Journal of Bioresource Management is licensed under CC BY 4.0

Fraga et al., (2022). Variation of Physico-Chemical Parameters in Lower Seybouse River.
J Biores Manag., 9(4): 08-23

8

NH4+ mg/l

S1

S2

S3

7
6
5
4
3
2
1
0
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Figure 7: NH4+ monthly variation of the OuedSeybouse during the year 2019.
S1: El Hadjar, S2: Drean, S3: Chihani

In the three study stations (Figure
8), nitrite ions are present at levels varying
from a minimum of 0.22 mg/l at stations 2
and 3 to a maximum of 0.67 mg/l in the
station 1. This indicates that the nitrite
levels in Lower Seybouse’s water exceeds
the Algerian standards which is 0.1 mg/l
(HBA, 2009; WHO, 2012). Station 1 has
the highest values throughout the year
except for the month of August. In stations
2 and 3, the NO2- levels change in a similar
way. Analysis of the data grouped by
season shows differences between S1 and
S3 which are significant (P ˂ 0.05) in
winter, highly significant (P ˂ 0.005) in
spring and very highly significant (P ˂
0.0005) in autumn. Between S1 and S2,
the differences are highly significant (P ˂
0.005) in spring and autumn. On the other
hand, they are not significant between S2
and S3 whatever the season.
Figure 8 also shows the superiority
of station 1 in regards to this element
compared to the other stations during
almost the whole year. Indeed, waste water
from the municipality of El Hadjar, and
agricultural,
industrial
and
urban
discharges are the main sources of
pollution at this station. Furthermore, it

should also be noted that nitrites can be
found naturally in river waters due to the
process of nitrification of ammonia and
nitrates (Ghazali and Zaid, 2013). This
form of mineral nitrogen, the least
oxygenated, constitutes a dangerous
poison for aquatic organisms, even at very
low concentrations and its toxicity
increases with temperature.
viii. Nitrate ion
The nitrates (NO3-) are the final
phase of the nitrification process and
represent the most oxidized form of
nitrogen in water. When their levels
become
excessive,
they
therefore
constitute a factor in natural waters quality
degradation (Abboudi et al., 2014). The
NO3- profile evaluated for Lower Seybouse
water between stations by season (Figure
9) shows no significant difference during
the four seasons study (P ˃ 0,05). Overall,
the highest values are recorded from
August until December for the three
stations. The levels vary from around 1.6
mg/l in June to an average of 5.5 mg/l in
November for the three stations.
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Figure 8: NO2- monthly variation of the OuedSeybouse during the year 2019.
S1: El Hadjar, S2: Drean, S3: Chihani

This result is in line with that of
Belhamra and Hani (2016) who found low
levels of nitrate in the Lower Seyouse with
an increase in levels during high water
periods. According to HBA (2009),
NWRA (2010), these waters can be
qualified as good in relation to this
physicochemical parameter.
Nitrates are the form of nitrogen
used by most plant species. They are
naturally present and very mobile in the
soil. Therefore, any excess over the plant's
needs of nitrates in the soil at any time is
likely to be carried to surface water
(streams and rivers) or to groundwater.
Consequently, their levels increase in
rivers mainly due to the use of agricultural
fertilizers. According to Meybeck (1989),
the concentration of nitrate ions in
groundwater and surface water is less than
1 mg/l in systems devoid of human
activity.
ix Orthophosphates
Phosphate ions (PO43-) are among
the anions easily fixed by the soil. Their
natural presence in water is linked to the

characteristics of the crossed terrain and to
the decomposition of organic matter.
The evolution of orthophosphates
during the year 2019 shows a fairly
variable profile (Figure 10). The analysis
of data grouped by season shows very
highly significant differences between S1
and S3 (P ˂ 0.0005) and significant
differences (P ˂ 0.05) between S1 and S2
in autumn. The monthly analysis confirms
this result by significant differences (P ˂
0.05) between S1 and S3 from September
to January.
In general, the concentration of
3PO4 in Oued Seybouse water greatly
exceeds the algerian standard for surface
water 0.5 mg/l (NWRA, 2010) and the
limit value of 1 mg/l recommended by El
Halouani et al. (1993) beyond which the
phenomenon of eutrophication could arise
affecting the quality of aquatic ecosystems.
A minimum value of 1.82 mg/l is observed
in the three stations throughout the year, it
reaches a maximum of 4 in stations 2 and
3 in February and June respectively.
Station 1 seems to be the most polluted
with this element throughout the year with
an annual average of 3.32 mg/l, followed
by station 2 then 3.
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Figure 9: NO3- monthly variation of the OuedSeybouse during the year 2019.
S1: El Hadjar, S2: Drean, S3: Chihani.
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Figure 10: PO43- monthly variation of the OuedSeybouse during the year 2019.
S1: El Hadjar, S2: Drean, S3: Chihan.

Thus, the water quality grid of
Bontoux (1993), shows that there is net
pollution by phosphate ions in the three
study stations.
These orthophosphates come from
the decomposition of organic matter or
chemical fertilizers used in the agricultural
soils of Oued Seybouse watershed. An
average minimum value of 1.95 mg/l fairly
constant throughout the year in the three
stations would probably come from a
consistent source of phosphorus which
could correspond to urban discharges. This

suggestion is confirmed by Reggam et al.
(2017) who showed the relationship
between the pollution of various stations
of Oued Seybouse with wastewater
discharges
from
the
neighboring
agglomerations. Indeed, according to De
Villers et al., (2005), orthophosphate ions
result from the degradation by bacteria of
phosphorus organic matter originating in
particular from wastewater discharges
(metabolism, washing powders, agro-food
and chemical industries, etc.) and the use
of phosphate fertilizers in agricultural
19
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fields. However, according to Payment and
Robertson (2004), concentrations greater
than 0.5 mg/l of orthophosphates should
constitute a pollution index.
These anions, absorbable by plants
and photosynthetic organisms, play a
decisive role in the phenomena of
eutrophication
of
surface
waters
(Painchaud, 1997). Simard et al. (1995)
confirm, in turn, that the use of large
quantities of phosphorus in the form of
manures and mineral fertilizers leads to
long-term soil saturation and causes the
enrichment of surface waters in
agricultural basins.
CONCLUSION

affect animal and plant life and
consequently human health.
Finally, through the present study
on this hydrological sequence, it is
difficult to establish with certainty the
responsibilities at the origin of the
degradation of Oued Seybouse water
quality. Only regular monitoring over long
periods makes it possible to take
appropriate measures to combat the
possible factors that alter this aquatic
ecosystem.
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